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In the present study, we develop a surface treatment method using dielectric barrier discharge (DBD) to achieve 
low friction. The results show that liquid-like film is produced on the DLC surface after DBD in humid air and 
humid nitrogen, and the friction coefficient reduces to 0.03 and 0.06. FTIR and Raman analysis show that the 
liquid-like film produced in humid air contains large amount of CH, OH and NH bands. 
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1. Introduction 

Diamond-like carbon (DLC) coatings have excellent 
properties as high hardness, chemical inertness, low 
friction and high-wear resistance, so they are highly 
expected as a solid lubricant to achieve low friction in 
engineering components. Recently, active friction 
controlling is considered as a future adaptive technology 
[1]. Thus, in situ treatment methods for DLC coatings 
were presented [2,3]. In the present study, we develop a 
new surface treatment method using dielectric barrier 
discharge (DBD) to achieve low damage treatment, 
resulting in low friction. 

2. Experimental method 

In this study, we used a ball-on-disk friction tester with a 
DBD generation system. Nitrogen contained DLC (ta-
CNx) coatings were deposited on SUJ2 substrates using 
the IBA-FAD (Ion Beam Assisted Filtered Arc 
Deposition) method. The discharge tests were conducted 
under the three kinds of atmosphere (i.e., ambient air, 
humid air blowing, and humid nitrogen blowing). The 
relative humidity of them were approximately 35%RH, 
75%RH, and 75%RH. The DBD discharge time was five 
minutes, and the voltage and frequency were 3.5 kV and 
4 kHz, respectively. 

3. Results and discussion 

The friction tests were conducted after five minutes of 
DBD under different gas environments. As blowing 
humid nitrogen, the friction coefficient showed 0.08, and 
as blowing humid air or under ambient air, the friction 
coefficients were the same as 0.03. We analyzed the 
liquid-like film using the pH test paper, revealing a pH 
value of 2 (strong acid). Figure 1 shows the KBr plate-
FTIR result. It shows that the liquid produced in humid 
air contains large amount of CH, NH and OH bands 
compared to the blowing humid nitrogen condition. 
Figure 2 shows Raman analysis results, showing strong 
CH2 bands in humid air. Therefore, it can be considered 
that the CH, OH and NH bands are important for reducing 
friction. And in situ production of acidic lubricants using 
DBD can be used to achieve low friction. 
 

 
Figure 1: The results of KBr plate-FTIR 

 

 
Figure 2: The results of Raman spectroscopy 

4. Conclusion 

We developed a new in situ DLC surface treatment 
method using DBD. As a result, CH, OH and NH bonds 
are appeared in the liquid-like film showing a low friction 
coefficient of 0.03 after DBD. In conclusion low friction 
is achieved using DBD. 
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